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(54) Multilayer-film reflective mirrors and optical systems comprising same 


(57) Multilayer-film mirrors are disclosed that exhibit 
high reflectivity to incident X-radiation independently of 
the angle of incidence and without significantly compro- 
mising optical performance. Also disclosed are X-ray 
optical systems and microlithography apparatus com- 
prising such mirrors. In an embodiment a multilayer-film 
mirror is formed by alternately laminating Mo layers (a 
material in which the difference between its refractive 
index in the weak X-ray band and its refractive index in 
a vacuum is great) and Si layers (a material in which 
said difference is small) on a substrate. The ratio (T) of 


50 


the thickness of the Mo layer to the total of the thickness 
of the Mo layer and the thickness of the Si layer has a 
distribution based ph the distribution of angles of inci- 
dence of X-radiation on the mirror surface. By providing 
r with a distribution that corresponds with the distribu- 
tion of the angles of incidence in the mirror surface, max- 
imum reflectivity can be obtained at the angles of inci- 
dence at various points within the mirror surface. Be- 
cause there is no need to change the period length in 
this case, there is no deterioration in the optical perform- 
ance of the mirror. 
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Description 
Field 

[0001 ] This disclosure pertains to reflective elements 
(reflective mirrors) that are especially suitable for use in 
"X-ray" optical systems. By "X-ray" is meant not only the 
conventional "hard" X-ray wavelengths of the electro- 
magnetic spectrum but also the so-called "soft X-ray" 
(also termed "extreme ultraviolet" or EUV) wavelengths. 
More specifically, the disclosure pertains to multilayer- 
film-coated mirrors that can be used in any of various 
X-ray optical systems such as X-ray microscopes, X-ray 
analysis equipment, and X-ray exposure (microlithogra- 
phy) apparatus. 

Background 

[0002] As the density of active-circuit elements in mi- 
croelectronic devices (e.g., integrated circuits, displays, 
and the like) has continued to increase with correspond- 
ing decreases in the size of active-circuit elements in 
such devices, the resolution limitations of optical micro- 
lithography have become apparent To obtain better res- 
olution of circuit elements, especially such elements 
having a width of 0.15 micrometer or less, increasing 
attention has been directed to the development of a 
practical "next generation" microlithography technology. 
[0003] A key candidate for next-generation micro- 
lithography exploits the short wavelengths of X-ray ra- 
diation. For example, EUV radiation is inlhe wavelength 
range of 11 to 14 nm, which is substantially shorter than 
the 157-nm wavelength representing the shortest 
achievable wavelength used in the deep UV radiation 
used in conventional optical microlithography. These 
shorter wavelengths in the X-ray portion of the electro- 
magnetic spectrum offer tantalizing prospects of sub- 
stantially improved pattern-element resolution (e.g., 70 
nm or less) in microlithography. See, e.g., Ttchenor et 
al., Transactions SPIE 2437:292 (1995). 
[0004] The complex refractive index "n" of substances 
in the wavelength range of X-rays is expressed as n = 
1 - 6 - ik (wherein 5 and k are complex numbers). The 
imaginary part k of the refractive index expresses X-ray 
absorption. Since 8 and k are both considerably less 
than 1 , the refractive index in this wavelength range is 
extremely close to 1 . Consequently, optical elements 
such as conventional lenses cannot be used. Reflective 
optical elements, on the other hand, are practical and 
currently are the subject of substantial research and de- 
velopment effort. 

[0005] From most surfaces, X-rays exhibit useful re- 
flection only at oblique angles of incidence. In other 
words, reflectivity of X-rays is extremely low at angles 
of incidence less than the critical angle e c of total reflec- 
tion, which is about 20° at a wavelength of 10 nm. An- 
gles greater than e c exhibit total reflection. Hence, many 
conventional X-ray optical systems are so-called "ob- 


lique-incidence" systems in which the X-radiation is in- 
cident at angles greater than e c to the reflective surfaces 
in the optical systems. (The angle of incidence is the 
angle formed by the propagation axis of an incident 

5 beam relative to a line normal to the surface at which 
the propagation axis is incident.) 
[0006] It has been found that multilayer-film mirrors 
exhibit high (albeit not total) reflectivity to X-radiation. 
The multilayer coating typically comprises several tens 

10 to several hundreds of layers. The layers are of materi- 
als exhibiting the highest available boundary-amplitude 
reflectivity. The thickness of each layer is established 
based on light-interference theory so as to achieve 
alignment of the phases of light waves reflected from 

is the various layers. Multilayer-film mirrors are formed by 
alternately laminating, on a suitable substrate, a first 
substance of which the difference between Its refractive 
index in the X-ray wavelength band to be used and its 
refractive index (n = 1) in a vacuum is relatively large 

20 and a second substance of which this difference is rel- 
atively small, Conventional materials satisfying these 
criteria and exhibiting good performance are tungsten/ 
carbon and molybdenum/carbon composites. These 
layers are usually formed by thin-film-formation tech- 

25 niques such as sputtering, vacuum deposition, CVD, 
etc. 

[0007] Since multilayer-film mirrors also are capable 
of reflecting X-radiation at low angles of incidence (in- 
cluding perpendicularly incident X-radiation), these mir- 
30 rors can be incorporated into X-ray optical systems ex- 
hibiting lower aberrations than exhibited by convention- 
al oblique-incidence X-ray optical systems. 
[0008] A multilayer-film mirror exhibits a wavelength 
dependency in which strong reflection of incident X-ra- 
35 diation is observed whenever Bragg's equation is satis- 
fied. Bragg's equation is expressed as 2dsin(e') = nX, 
wherein d is the period length of the multilayer coating, 
6' is the angle of incidence measured from the incidence 
plane (i.e., tc/2 - G), and X is the X-ray wavelength. Under 
40 conditions satisfying Bragg's equation, the phases of 
the reflected waves are aligned with each other, thereby 
enhancing reflectivity of the surface. For maximal reflec- 
tivity, the variables in the equation are selected so that 
the equation is fulfilled. 
45 [0009] Whenever the multilayer coating of an X-ray 
mirror comprises alternating layers of molybdenum (Mo) 
and silicon (Si), the mirror exhibits high reflectivity at the 
long-wavelength side of the L-absorption end of silicon 
(i.e., at 12.6 nm). Thus, a multilayer-film mirror exhibit- 
so ing high reflectivity (over 60% at direct incidence, 6 = 
0°) at X « 13 nm can be prepared with relative ease. As 
a result, Mo/Si multilayer-film mirrors are the currently 
most promising mirror configuration for use in reduction/ 
projection microlithography performed using soft X-ray 
55 (EUV) radiation. This type of microlithography is termed 
extreme ultraviolet lithography (EUVL). 
[0010] Whereas Mo/Si multilayer-film mirrors exhibit 
high reflectivity, as discussed above, their performance 
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depends upon the wavelength of incident radiation and 
upon the angle of incidence, as indicated by Bragg's 
equation. Especially with curved multilayer-film-coated 
mirror surfaces, the angle of incidence of an X-ray beam 
differs at various points on the surface of such a mirror 5 
used in an illumination-optical system or a projection- 
optical system of an EUVL system. The difference in in- 
cidence angle oyer the mirror surface can range from 
several degrees to several tens of degrees. Conse- 
quently, whenever a multilayer film is formed with a uni- 10 
form thickness over the entire surface of the mirror sub- 
strate, differences in reflectivity at the mirror surface will 
be evident as a result of the differences in the angle of 
incidence. 

[0011] FIG. 6 is a graph showing a theoretical rela- w 
tionship of reflectivity to the angle of incidence of a mul- 
tilayer-film mirror having a period length of 69 A, a lam- 
ina count of 50 layer pairs, and an incident-light wave- 
length of 13.36 nm. The abscissa is angle of incidence 
and the ordinate is reflectivity. The solid-line curve de- 20 
notes reflectivity of s-polarized light and the dotted line 
denotes reflectivity of non-polarized light. The period 
length is the total thickness of one pair of layers (i.e., in 
the case of a Mo/Si multilayer coating, one Mo layer with 
its adjacent Si layer). The ratio of the thickness of a sin- 25 
gle Mo layer to the period length is denoted T\ in this 
example r is constant at 0.35. As can be seen from FIG. 
6, reflectivity changes with the angle of incidence. Re- 
flectivity is nearly 74% at a 0° angle of incidence, and 
decreases to less than 60% at a 1 0° angle of incidence. 30 
This represents a greater than 1 0% drop in reflectivity. 
[0012] A conventional countermeasure to the reflec- 
tivity drop noted above involves providing the thickness 
of the multilayer coating with a distribution that changes 
over the mirror surface in a manner serving to offset the 35 
change in reflectivity. Thus, light of a specified wave- 
length is reflected with high reflectivity at the various an- 
gles of incidence characteristic of various respective 
points on the reflective surface. 

[0013] For example, FIG. 7 is a graph showing the re- *o 
lationship of the period length and of total film thickness 
(period length x number of layer pairs) at which reflec- 
tivity is highest for an incident X= 13.36 nm versus the 
angle of incidence. The abscissa is angle of incidence, 
the left-hand ordinate Is period length, and the right- 45 
hand ordinate Is total film thickness (r = 0.35). As can 
be seen in FIG. 7, the period length and total film thick- 
ness at which reflectivity is highest are approximately 
68.28 A and 341 3 A (50 layer pairs), respectively, when- 
ever the angle of incidence is 0°. Whenever the angle so 
of incidence is 1 0°, the period length and total film thick- 
ness at which reflectivity is highest are approximately 
69.31 A and 3466 A (50 layer pairs), respectively. Con- 
sequently, in order for reflectivity to be at its highest at 
the various angles of incidence, it is necessary to make 55 
the period length approximately 1 A larger, at points at 
which the angle of incidence is about 1 0°, than at points 
at which the angle of incidence is about 0°. Now, Mo/Si 
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multilayer coatings on EUV-reflective multilayer-film 
mirrors generally comprise 50 layer pairs. Locally in- 
creasing the period length on a multilayer coating as 
summarized above would create a difference of 4.7 nm 
in the total film thickness of the multilayer coating, which 
would impose a corresponding change in the surface 
profile of the multilayer-film mirror. Since the magnitude 
of this change exceeds what can be tolerated from the 
standpoint of wavef ront aberration of light reflected from 
the mirror, such changes can significantly deteriorate 
the optical performance of an EUV optical system in- 
cluding such a mirror. 

Summary 

[0014] in view of the shortcomings of conventional 
multilayer-film mirrors as summarized above, the 
present invention provides, inter alia, multilayer-film mir- 
rors that exhibit high reflectivity to incident X-radiation, 
independently of the angle of incidence and without de- 
teriorating optical performance of the mirror. The inven- 
tion also provides X-ray optical systems including such 
multilayer-film mirrors. 

[0015] According to a first aspect of the invention, 
multilayer-film mirrors are provided that comprise a mir- 
ror substrate and a multilayer film on a surface of the 
mirror substrate. An embodiment of the multilayer film 
is configured so as to render the surface reflective to 
one or more selected wavelengths of incident X-ray light 
(e.g., hard X-ray light or 'soft* X-ray light such as ex- 
treme ultraviolet (EUV) light). The multilayer film is 
formed of alternating superposed layers of a first and a 
second material arranged as multiple layer pairs super- 
posed on the surface. The first material has a relatively 
large difference between its refractive index for X-ray 
lightand its refractive index in a vacuum, and the second 
material has a relatively small difference between its re- 
fractive index for X-ray light and its refractive index in a 
vacuum. Each layer of the first material in the multilayer 
film has a respective thickness. In at least one of the 
layer pairs, a ratio (r) of the thickness of the respective 
layer of the first material to a thickness of the layer pair 
has a variable distribution over at least a portion of the 
surface. 

[0016] In the multilayer-film mirror summarized 
above, r can vary with changes in angle of incidence of 
incident radiation over at least a portion of the surface. 
By varying T in this manner, maximal reflectivity can be 
obtained at each point on the reflective surface, corre- 
sponding to the respective angle of incidence at each 
point. For example, r can decrease with corresponding 
increases in angle of incidence of incident radiation over 
at least a portion of the surface. Generally, the angle of 
incidence is greater at the perimeter of a mirror than at 
the center of the mirror. Hence, by decreasing r at re- 
gions where the angle of incidence is great, high reflec- 
tivity can be achieved at such regions as well as at, for 
example, the center of the mirror. 
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[001 7] By way of example, the f irst material can com- 
prise molybdenum, which is especially suitable for a 
multilayer-film mirror reflective to incident EUV light. For 
certain wavelengths of EUV light, the first material can 
include ruthenium. Also for EUV light, the second ma- 
terial can comprise silicon. 

[001 8] In another embodiment the distribution of r is 
stepped over at least a portion of the surface. In this 
configuration, each step corresponds to a respective 
range of angle of incidence of radiation incident to the 
surface. 

[0019] In another embodiment the distribution of r is 
continuous over at least a portion of the surface. In this 
distribution, r varies with respective angles of incidence 
of radiation incident to the surface. Typically, the layer 
pairs have a period length. The distribution of r can be 
continuous over a first portion of the surface in which 
angle of incidence of light incidenttothe surface is within 
a respective range and the period length is constant. In 
a second portion of the surface outside the first portion, 
r can be constant while the period length is increased. 
Alternatively, the distribution of T can be continuous 
over the surface, wherein the period length changes 
continuously over the surface. 

[0020] According to another aspect of the invention, 
optical systems are provided that comprise any of the 
various embodiments of multilayer-film mirrors such as 
those summarized above. The optical systems can be 
configured as, for example, X-ray optical systems such 
as EUV optical systems. 

[0021] According to yet another aspect of the inven- 
tion, optical elements are provided that are reflective to 
incident X-ray light. An embodiment of such an optical 
element comprises a mirror substrate and a multilayer 
film on a surface of the mirror substrate. The multilayer 
film is configured as summarized above. The optical el- 
ement can be, for example, a multilayer-film mirror or a 
reflective reticle. One or more such optical elements can 
be incorporated into, for example, an X-ray optical sys- 
tem such as an X-ray lithography tool. 
[0022] According to yet another aspect of the inven- 
tion, methods are provided for producing a multilayer- 
film mirror. In an embodiment of such a method, a sur- 
face of mirror substrate is configured to be a reflective 
surface. On the reflective surface, a multilayer-film coat- 
ing is formed by applying alternating superposed layers 
of a first and a second material arranged as multiple lay- 
er pairs superposed on the reflective surface. The first 
material has a relatively large difference between its re- 
fractive index for X-ray light and its refractive index in a 
vacuum, and the second material having a relatively 
small difference between its refractive index for X-ray 
light and its refractive index in a vacuum. Each layer of 
the first material in the multilayer film has a respective 
thickness. In at least one of the layer pairs, a ratio (T) 
of the thickness of the respective layer of the first mate- 
rial to a thickness of the layer pair has a variable distri- 
bution over at least a portion of the surface. 


[0023] The multilayer-film coating can be formed such 
that r varies with changes in angle of incidence of inci- 
dent radiation over at least a portion of the surface. Al- 
ternatively, the multilayer-film coating can be formed 
5 such that r decreases with corresponding increases in 
angle of incidence of incident radiation over at ieast a 
portion of the surface. Further alternatively, the multilay- 
er-film coating can be formed such that the distribution 
of r is stepped over at least a portion of the surface, 
io wherein each step corresponds to a respective range of 
angle of incidence of radiation incident to the surface. 
Yet further alternatively, the multilayer-film coating can 
be formed such that the distribution of r is continuous 
over at least a portion of the surface, wherein, in the 
is distribution, T varies with respective angles of incidence 
of radiation incident to the surface. 
[0024] Typically, the multilayer-film coating is formed 
such that the layer pairs have a period length. The dis- 
tribution of r can be continuous over a first portion of 
20 the surface in which angle of incidence of light incident 
to the surface is within a respective range and the period 
length is constant. In a second portion of the surface 
outside the first portion, V can be constant while the pe- 
riod length is increased. Alternatively: the distribution of 
25 r can be continuous over the surface, wherein the pe- 
riod length changes continuously over the surface. 
[0025] According to yet another aspect of the inven- 
tion, X-ray lithography tools are provided that comprise 
an X-ray light source, and illumination-optical system, 
30 and a projection-optical system. The X-ray light source 
is situated and configured to produce an X-ray illumina- 
tion beam. The illumination-optical system is situated 
downstream of the X-ray light source and is configured 
to guide the illumination beam to a reticle, so as to form 
35 a patterned beam of X-ray light reflected from the reticle. 
The projection-optical system is situated downstream of 
the reticle and is configured to guide the patterned beam 
from the reticle to a sensitive substrate. At least one of 
the illumination-optical system, the reticle, and the pro- 
40 jection-optical system comprises a multilayer-film mir- 
ror. The multilayer-film mirror comprises a multilayerfilm 
on a surface of a mirror substrate. The multilayer film is 
configured so as to render the surface reflective to one 
or more selected wavelengths of incident X-ray light. 
45 The multilayer film Is formed of alternating superposed 
layers of a first and a second material arranged as mul- 
tiple layer pairs superposed on the surface, the first ma- 
terial has a relatively large difference between its refrac- 
tive index for soft-X-ray light and its refractive index in 
so a vacuum. The second material has a relatively small 
difference between its refractive index for soft-X-ray 
light and its refractive index in a vacuum. Each layer of 
the first material in the multilayer film has a respective 
thickness, and, in at least one of the layer pairs, the ratio 
55 (r) of the thickness of the respective layer of the first 
material to a thickness of the layer pair has a variable 
distribution over at least a portion of the surface. 
[0026] The foregoing and additional features and ad- 
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vantages of the invention will be apparent from the fol- 
lowing detailed description, which proceeds with refer- 
ence to the accompanying drawings. 

Brief Description of the Drawings 

[0027] 

FIG. 1(A) is an elevational section schematically 
showing overall structure of a muttilayer-film mirror 
according to a first representative embodiment, and 
FIG. 1(B) is an elevational section schematically 
showing an exemplary layer pair of the mirror of 
FIG. 1(A). 

FIG. 2 is a schematic diagram of the overall struc- 
ture of an embodiment of an X-ray lithography tool 
including a multilayer-film mirror such as that shown 
in FIG. 1(A). 

FIG. 3 is an elevational section schematically de- 
picting a single layer pair in a muttilayer-film mirror 
according to a second representative embodiment. 
FIG. 4(A) is an elevational section schematically 
showing overall structure of a muttilayer-film mirror 
according to a third representative embodiment, 
and FIG. 4(B) is an elevational section schematical- 
ly showing an exemplary layer pair of the mirror of 
FIG. 4(A). 

FIG. 5 is an elevational section schematically de- 
picting a single layer pair in a multilayer-film mirror 
according to a fourth representative embodiment. 
FIG. 6 is a graph showing a theoretical relationship 
of reflectivity to angle of incidence in a muttilayer- 
film mirror having a period length of 69 A, a lamina 
count of 50 layer pairs, and an incident-light wave- 
length of 13.36 nm. 

FIG. 7 is a graph showing the relationship of the pe- 
riod length and of total thickness of the multilayer 
film (period length x number of layer pairs) at which 
reflectivity is highest for an incident X~ 13.36 nm 
versus the angle of incidence. 
FIG. 8 shows curves exhibiting the relationship be- 
tween incident wavelength and reflectivity of a mul- 
tilayer-film mirror. 

FIG. 9 is a series of plots of reflectivity versus angle 
of incidence at selected values of r. 

Detailed Description 

[0028] Whenever the period length of a multilayer- 
film-coated mirror is changed in accordance with 
Bragg's equation, described above, the wavelength at 
which the reflectivity of the mirror is highest also chang- 
es. On the other hand, due to differences in the refrac- 
tive indices of materials that constitute the multilayer 
coating, the wavelength at which the mirror exhibits 
maximal reflectivity changes with corresponding chang- 
es in r, even while keeping the period length constant. 
[0029] An exemplary relationship between incident 


wavelength and reflectivity is depicted in FIG. 8. This 
graph shows the reflectivity, of light incident at 0° angle 
of incidence, of a Mo/Si multilayer coating having a pe- 
riod length of 69 A. The abscissa is wavelength of inci- 

5 dent light, and the ordinate is reflectivity. The various 
curves depict respective results observed as r is 
changed from 0.30 to 0.50 in increments of 0.05. As can 
be seen in FIG. 8, the wavelength of maximal reflectivity 
changes as r is changed, while keeping the period 

10 length constant In other words, whenever r = 0.50, a 
peak reflectivity of approximately 72% is observed at A, 
«1 3.4 nm. Whenever r = 0.30, a peak reflectivity of ap- 
proximately 72% is observed at X= 13.6 nm. Conse- 
quently, by changing T while keeping the period length 

is of the multilayer film constant, the peak-reflectjvity 
wavelength of the multilayer-film surface changed rela- 
tive to a fixed angle of incidence, thus giving the same 
result as changing the period length of the multilayer 
film. Meanwhile, as was seen in FIG. 7, whenever the 

20 incident wavelength (X) is fixed, the angle of incidence 
at which reflectivity is maximal changes with corre- 
sponding changes in the period length of the multilayer 
film. Consequently, if r is changed while keeping the pe- 
riod length constant, the angle of incidence, at which 

25 reflectivity is maximal, changes relative to a fixed inci- 
dent wavelength. By exploiting these results, even if the 
period length of the multilayer film is kept constant rel- 
ative to a fixed incident wavelength, r can be selected 
so that the angles of incidence at various points on the 

30 mirror surface are respective angles at which reflectivity 
is maximal. 

[0030] FIG. 9 is a graph of reflectivity versus angle of 
incidence while changing r. The abscissa is angle of 
incidence and the ordinate is reflectivity. The graph is of 
35 data obtained when light of X = 13.36 nm was incident 
on a 50 layer-pair Mo/Si multilayer film having a period 
length of 69 A. The various curves depict respective re- 
sults of changing T. 

[0031] It can be seen from FIG. 9 that the angle of 
40 incidence exhibiting maximal reflectivity changes ac- 
cording to r. In other words, the angle of incidence ex- 
hibiting maximal reflectivity is approximately 4° when- 
ever r is 0.5, and is approximately 10° whenever r is 
0.3. Hence, the smaller the value of r, the greater the 
45 difference, at which reflectivity is maximal, of the angle 
of incidence from 0°. Consequently, high reflectivity at 
various angles of incidence is obtained by selecting r 
at each angle of incidence so as to provide maximal re- 
flectivity. 

so [0032] For example, T = 0.45 exhibits the highest re- 
flectivity at angles of incidence from 0° to 5°, while r = 
0.4 exhibits the highest reflectivity at angles of incidence 
from 5° to 8°, and r = 0.35 exhibits the highest reflec- 
tivity at angles of incidence from 8° to 1 0°. To obtain the 

55 highest peak reflectivity over the surface of the multilay- 
er-film mirror, it is desired that r appropriately range 
from 0.3 to 0.5 over the surface. 
[0033] In FIG. 9, Twas changed in increments of 0.05. 
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It is especially desirable that r be changed in a contin- 
uous (non-stepped) manner to provide greater optimi- 
zation of the reflectivity of the reflective surface. In order 
to select optimal values of r, 8 and r desirably are cor- 
related with each other by tracing the respective high- 
reflectivity envelope of each of the curves in FIG. 9. 
Thus, whenever the wavelength of the incident light is 
13.6 nm and the period length is constant at 69 A : re- 
flectivity changes from approximately 72% to approxi- 
mately 74% at angles of incidence ranging from 0° to 
1 0° . This allows the maximum decrease in reflectivity to 
be limited to approximately 1%. 
[0034] To change r while keeping the period length of 
the multilayer film constant, both the film-thickness dis- 
tribution of the Mo layer and the film-thickness .distribu- 
tion of the Si layer are changed simultaneously. Thus, a 
desired thickness of the multilayer film is achieved while 
r is locally changed as required to provide a desired dis- 
tribution over the surface so that maximal (or nearly 
maximal) reflectivity is obtained. This can be accom- 
plished by controllably varying the distribution of sput- 
tered atoms as sputtering is being performed. Control- 
lably varying the distribution of sputtered atoms is 
achieved by changing one or more film-formation pa- 
rameters such as the sputtering condition and/or the an- 
gle of inclination of the film-formation substrate (mirror) 
during sputtering. Alternatively, controllably changing r 
over the surface can be accomplished by using a film- 
formation-correction mask for controlling the concentra- 
tion of sputtered atoms actually reaching specific re- 
gions on the surface of the mirror. In any event, a desired 
distribution of r over the mirror surface is achieved. 
[0035] FIGS. 1 (A)-1 (B) depict the structure of a mul- 
tilayer-film mirror according to a first representative em- 
bodiment. FIG. 1(A) is an elevational section showing 
overall structure, and FIG. 1 (B) is an elevational section 
showing an exemplary layer pair in the multilayer film. 
FIG. 2 is a schematic diagram of the overall structure of 
an X-ray lithography tool including the multilayer-film 
mirror of FIGS. 1 (A)- 1(B) and/or any of various other 
embodiments of the multilayer-film mirror. 
[0036] Turning first to FIG. 2, the lithography tool 1 is 
a projection-exposure apparatus that performs a step- 
and-scan lithographic exposures using light in the soft 
X-ray band, having a wavelength of X« 13 nm (EUV 
light), as the illumination light used for making litho- 
graphic exposures. A laser light source 3 is situated at 
the extreme upstream end of the tool 1 . The laser light 
source 3 produces laser light having a wavelength in the 
range of infrared to visible. For example, the laser light 
source 3 can be a YAG or excimer laser employing sem- 
iconductor laser excitation. The laser light emitted from 
the laser light source 3 is focused and directed by a con- 
densing optical system 5 to a laser-plasma light source 
7. The laser-plasma light source 7 is configured to gen- 
erate EUV radiation having a wavelength of X = 13nm. 
[0037] A nozzle (not shown) is disposed in the laser- 
plasma light source 7, from which xenon gas is dis- 


charged. As the xenon gas is discharged from the noz- 
zle in the laser-plasma light source 7, the gas is irradi- 
ated by the high-intensity laser light from the laser light 
source 3. The resulting intense irradiation of the xenon 
5 gas causes sufficient heating of the gas to generate a 
plasma. Subsequent return of Xe molecules to a low- 
energy state results in the emission of EUV light from 
the plasma, Since EUV light has low transmissivity in 
air, its propagation path must be enclosed in a vacuum 
10 environment produced in a vacuum chamber 9. Also, 
since debris tends to be produced in the environment of 
the nozzle from which the xenon gas is discharged, the 
chamber 9 desirably is separate from other chambers 
of the apparatus 1 . 
is [0038] A paraboloid mirror 1 1 , provided with a surf icial 
multilayer Mo/Si coating, is disposed immediately up- 
stream of the laser-plasma light source 7. EUV radiation 
emitted from the laser-plasma light source 7 enters the 
paraboloid mirror 11, and only EUV radiation having a 
20 wavelength of X * 1 3 nm is reflected from the paraboloid 
mirror 11 as a coherent light flux in a downstream direc- 
tion (downward in the figure). The EUV flux then en- 
counters a pass filter 1 3 that blocks transmission of vis- 
ible wavelengths of light and transmits the EUV wave- 
rs length. The pass filter 1 3 can be made, for example, of 
0.1 5 run-thick beryllium (Be). Hence, only EUV radiation 
having a wavelength of X « 1 3nm is transmitted through 
the pass filter 13. The area around the pass filter 13 is 
enclosed in a vacuum environment inside a chamber 1 5. 
30 [0039] An exposure chamber 33 is situated down- 
stream of the pass filter 1 3. the exposure chamber 33 
contains an illumination-optical system 17 that compris- 
es at least a condenser-type mirror and a fly-eye-type 
mirror. EUV radiation from the pass filter 13 is shaped 
35 by the illumination-optical system 1 7 into a circular flux 
that is directed to the left in the figure toward an X-ray- 
reflective mirror 19. The mirror 19 has a circular, con- 
cave reflective surface 19a, and is held in a vertical ori- 
entation (in the f igure) by holding members (not shown). 
40 The mirror 19 comprises a substrate made, e.g., of 
quartz or low-thermal-expansion material such as Zero- 
dur (Schott). The reflective surface 19a is shaped with 
extremely high accuracy and coated with a Mo/Si mul- 
tilayer film that is highly reflective to 13 nm-wavelength 
45 x-rays. Whenever X-rays having wavelengths of 10 to 
15 nm are used, the multilayer film on the surface 19a 
can include a material such as ruthenium (Ru) or rho- 
dium (Rh). Other candidate materials are silicon, beryl- 
lium (Be), and carbon tetraboride (B 4 C). 
so [0040] A bending mirror 21 is disposed at an angle 
relative to the mirror 19 to the right of the mirror 19 in 
the figure. A reflective reticle or mask 23, that defines a 
pattern to be transferred lithographically to a sensitive 
substrate 29, is situated "above" the bending mirror 21 . 
55 Note that the mask 23 is oriented horizontally with the 
reflective surface directed downward to avoid deposi- 
tion of any debris on the surface of the mask 23. X-rays 
emitted from the illumination-optical system 17 are re- 
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fleeted and focused by the X-ray reflective mirror 1 9 , and , 
reach the reflective surface of the mask 23 via the bend- 
ing mirror 21. 

[0041] The mask 23 has an X-ray-reflective surface 
configured as a multilayer film. Pattern elements, corre- 5 
sponding to pattern elements to be transferred to the 
sensitive substrate ("wafer* 1 ) 29, are defined on or in the 
X-ray-reflective surface. The reflective mask 23 is 
mounted on a mask stage 25 that is movable in at least 
the Y-directipn in the figure. Hence, X-rays reflected by io 
the bending mirror 21 are incident at a desired location 
on the X-ray-reflective surface of the mask 23. 
[0042] A projection-optical system 27 and the wafer 
29 are disposed downstream of the reflective mask 23. 
The projection-optical system 27 comprises several X- 
ray-reflective mirrors. An X-ray beam from the reflective 
mask 23, carrying an aerial image of the illuminated por- 
tion of the mask 23, is "reduced" (demagnlfied) by a de- 
sired factor (e.g., 1/4) by the projection -optical system 
and focused on the surface of the wafer 29, thereby 20 
forming an image of the illuminated portion of the pattern 
on the wafer 29. The wafer 29 is mounted by suction or 
other appropriate mounting force to a wafer stage 31 
that is movable in the X-direction, Y-direction, and Z-di- 
rection. 

[0043] A pre-exhaust chamber 37 (load-lock cham- 
ber) is connected to the exposure chamber 33 by a gate 
valve 35. A vacuum pump 39 is connected to the pre- 
exhaust chamber 37 and serves to form a vacuum en- 
vironment inside the pre-exhaust chamber 37. 
[0044] During a lithographic exposure performed us- 
ing the apparatus shown in FIG. 2, EUV light is directed 
by the illumination-optical system 17 onto a selected re- 
gion of the reflective surface of the mask 23. As expo- 
sure progresses, the mask 23 and wafer 29 are scanned 
synchronously (by their respective stages 25, 31) rela- 
tive to the projection-optical system 27 at a specified ve- 
locity ratio determined by the demagnification ratio of 
the projection-optical system. Normally, because not all 
the pattern defined by the reticle can be transferred in 
one "shot," successive portions of the pattern, as de- 
fined on the mask 23, are transferred to corresponding 
shot fields on the wafer 29 in a step-and-scan manner. 
By way of example, a 25 mm x 25 mm square chip can 
be exposed on the wafer 29 with a 0.07 urn line spacing 
IC pattern at the resist on the wafer 29, 
[0045] Turning now to FIGS. 1 (A)-1 (B), the depicted 
mirror 50 can be used, for example, as the X-ray-reflec- 
tive mirror 19 and/or the X-ray-reflective mirror 11 in the 
lithography tool 1 shown in FIG. 2. The multi layer-film 
mirror 50 comprises a substrate 55 defining a concave 
surface on which is formed a multilayer film comprising 
50 layer-pairs of Mo and Si having a 69 A period length. 
Each period comprises one respective layer of Mo 56 
and one respective layer of Si 57 comprising a respec- 
tive "layer pair." The angles of incidence of light imping- 
ing on the multilayer-film mirror 50 are 0° to 5° in the 
central region 51 in the figure, 5° to 8° in the intermedi- 


ate regions 52, and 8° to 10° in the outer regions 53. 
[0046] in one layer pair of this multilayer film, the re- 
spective thicknesses of the Mo layer 56 and the Si layer 
57 are established so that r= 0.45 in the region 51 ,T 
= 0.40 in the region 52, and r = 0.35 in the region 53. 
Thus, in the depicted layer pair, r exhibits a "stepped" 
distribution over the reflective surface of the mirror. The 
values for r are obtained from FIG. 9, discussed above. 
This multilayer film is produced by ion-beam sputtering, 
using individual sputtered-atom correction plates for Mo 
and for Si when forming each respective layer. By con- 
figuring the multilayer film in this manner, decreases in 
reflectivity of the multilayer-film surface can be limited 
to about 1% for angles of incidence in the range from 0° 
to 10°. 

[0047] FIG . 3 is an elevational section of a single layer 
pair in a multi layer-film mirror according to a second 
representative embodiment. The multilayer film in this 
embodiment has a structure in which the angles of inci- 
dence of light impinging on the mirror are distributed 
continuously from 0° to 1 0° from the center of the mirror 
toward the perimeter of the mirror. The respective thick- 
nesses of the Mo layer 56 and the Si layer 57 in the de- 
picted layer pair are established such that T is distribut- 
ed continuously from 0.45 to 0.35 from the center of the 
mirror toward the perimeter of the mirror, r at each point 
on the substrate is selected so that reflectivity is maxi- 
mized at the angle of incidence at that point. This mul- 
tilayer film is produced by ion-beam sputtering, using in- 
dividual sputtered-atom correction plates for Mo and for 
Si when forming each respective layer. By forming the 
multilayer film in this manner, decreases in reflectivity 
are limited to about 1% for angles of incidence ranging 
from 0° to 10°. 

[0048] A third representative embodiment of a multi- 
layer-flm mirror 80 is shown in FIGS. 4(A)-4(B), wherein 
FIG. 4(A) is an elevational section schematically show- 
ing the overall structure, and FIG. 4(B) is an elevational 
section schematically depicting an exemplary layer pair 
of the multilayer film. The multilayer-film mirror 80 has 
a structure similar to the multilayer-film mirror in FIGS. 
1(A)-1(B), wherein Mo layers 86 and Si layers 87 are 
alternately laminated on the curved surface of a sub- 
strate 85. The angles of incidence of light impinging on 
this multilayer-film mirror 80 vary from 0° to 20° from the 
center of the substrate 85 to the perimeter of the sub- 
strate, respectively. I.e., the angles of incidence in the 
region 81 range from 0° to 10°, and the angles of inci- 
dence in the region 82 are 1 0° and greater. 
[0049] In a single layer pair of this multilayer film, the 
respective thicknesses of the Mo layer 86 and the Si lay- 
er 87 are established such that T varies continuously 
from 0.45 to 0.35 from the center toward the edge of the 
region 81 in which the angles of incidence range from 
0° to 10°, as in the embodiment of FIG. 3. If T were to 
continue to diminish in the region 82 (from the edge con- 
tacting the region 81 to the edge of the mirror) in which 
the angle of incidence is 10 p and greater, then the re- 
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flectivity would decrease as r drops below 0.35. To pre- 
vent such a decrease in reflectivity, a conventional com- 
pensation scheme (in which the thickness of the multi- 
layerf ilm is changed) is utilized in the region 82. In other 
words, while maintaining r=0.35 in the region 82, the 
period length is increased. 

[0050] Thus, according to this embodiment, and with 
respect to mirrors in which a certain area has a broad 
range of angles of incidence that cannot be compensat- 
ed for only by varying the distribution of r, a convention- 
al scheme of changing the thickness of the multilayer 
film (i.e., changing the period length) can be applied lo- 
cally. Thus, the magnitude of change in distribution of 
film thickness is smaller than when variations of the film- 
thickness distribution were performed in the convention- 
al manner over the entire surface of the mirror. As a re- 
sult, deterioration of the optical performance of the mir- 
ror is reduced compared to conventional methods. 
[0051] In this embodiment the multilayer film was pro- 
duced by ion-beam sputtering using individual sputter- 
correction plates for Mo and for Si when forming each 
respective layer. Alternatively, the distribution off and 
the distribution of the multilayer-film thickness for a giv- 
en region could be achieved using a single sputter-cor- 
rection plate. 

[0052] A fourth representative embodiment of a mul- 
tilayer-film mirror 90 is shown in FIG. 5, providing an 
elevational section of an exemplary layer pair of the mir- 
ror. The multilayer-film mirror 90 has a structure similar 
to the multilayer-film mirror in FIGS. 1 (A)-1 (B), wherein 
Mo layers 96 and Si layers 97 are alternately laminated 
onto the surface of a substrate 95. In this embodiment, 
while continuously changing rf rom the center of the mir- 
ror toward the perimeter in a single layer pair, the period 
length also is changed continuously. In this case, the 
reflectivity is slightly lower than in situations in which 
corrections of the distribution of film thickness are per- 
formed by changing only the period length over the en- 
tire surface. However, in this embodiment, deterioration 
of optical performance of the mirror can be suppressed 
well for many uses. This embodiment is more desirable, 
from a practical standpoint, than the embodiment of 
FIGS. 4(A)-(B). 

[0053] Selecting maximal reflectivity by changing r t 
while maintaining constancy of the period length, as de- 
scribed above, is especially suitable for angles of inci- 
dence ranging from 0° to 10°. At angles of incidence 
greater than 10°, the multilayer film can be formed with 
r being relatively high (e.g., 0.4 to 0.45 at angles of in- 
cidence near 0°). The coating can be formed with r be- 
ing lower (e.g., 0.3 to 0.35) at locations more off -axis by 
changing the period length. 

[0054] As is clear from the foregoing, multilayer-film 
mirrors are provided that exhibit high reflectivity without 
having to change the period length of the multilayer film. 
Also. X-ray exposure apparatus are provide that include 
such multilayer-film mirrors, in which apparatus the mul- 
tilayer-film mirrors exhibit high reflectivity without signif- 


icant deterioration of optical performance. 
[0055] Whereas the invention has been described in 
connection with multiple representative embodiments, 
the invention is not limited to those embodiments. On 

5 the contrary, the invention is intended to encompass all 
modifications, alternatives, and equivalents as may be 
included within the spirit and scope of the invention, as 
defined by the appended claims. 
[0056] The features disclosed in the foregoing de- 

10 scription, in the claims and/or in the accompanying 
drawings may, both separately and in any combination 
thereof: be material for realising the invention in diverse 
forms thereof. 

15 

Claims 

1 . A multilayer-film mirror, comprising: 

20 a mirror substrate; and 

a multilayer film on a surface of the mirror sub- 
strate, the multilayer film being configured so 
as to render the surface reflective to one or 
more selected wavelengths of incident X-ray 

25 light, the multilayer film being formed of alter- 

nating superposed layers of a first and a second 
material arranged as multiple layer pairs super- 
posed on the surface, the first material having 
a relatively large difference between its ref rac- 

30 tive index for X-ray light and its refractive index 

in a vacuum, and the second material having a 
relatively small difference between its refractive 
index for X-ray light and its refractive index in a 
vacuum, wherein (a) each layer of the first ma- 

35 terial in the multilayer film has a respective 

thickness, and (b) in at least one of the layer 
pairs, a ratio (T) of the thickness of the respec- 
tive layer of the first material to a thickness of 
the layer pair has a variable distribution over at 
40 least a portion of the surface. 

2. The multilayer-film mirror of claim 1 , wherein T var- 
ies with changes in angle of incidence of incident 
radiation over at least a portion of the surface. 

45 

3. The multilayer-film mirror of claim 1 , wherein r de- 
creases with corresponding increases in angle of 
incidence of incident radiation over at least a portion 
of the surface. 

50 

4. The multilayer-film mirror of claim 1, wherein the 
first material comprises molybdenum. 

5. The multilayer-film mirror of claim 4, wherein the 
55 second material comprises silicon. 

6. The multilayer-film mirror of claim 4, wherein the 
first material comprises molybdenum and ruthe- 
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nium. 

7. The multilayer-film mirror of claim 6, wherein the 
molybdenum and ruthenium are formed as respec- 
tive layers laminated together to form at least one 5 
layer of the first material. 

8. The multilayer-film mirror of claim 1 , wherein the 
second material comprises silicon. 

10 

9. The multilayer-film mirror of claim 1 , wherein: 

the distribution of T is stepped over at least a 
portion of the surface; and 

each step corresponds to a respective range of 15 
angle of incidence of radiation incident to the 
surface. 

10. The multilayer-film mirror of claim 1 , wherein: 

20 

the distribution of r is continuous over at least 
a portion of the surface; and 
in the distribution, r varies with respective an- 
gles of incidence of radiation incident to the sur- 
face. 25 

11. The multilayer-film mirror of claim 10, wherein: 

the layer pairs have a period length; 
the distribution of r is continuous over a first 30 
portion of the surface in which angle of inci- 
dence of light incident to the surface is within a 
respective range and the period length is con- 
stant; and 

in a second portion of the surface outside the 35 
first portion, r is constant while the period 
length is increased. 

12. The multilayer-film mirror of claim 10, wherein: 

40 

the layer pairs have a period length; 
the distribution of r is continuous over the sur- 
face; and 

the period length changes continuously over 
the surface. 4 ? 

13. An optical system, comprising the multilayer-film 
mirror of claim 1 . 

14. The optical system of claim 13, configured as an X- 
ray optical system. 

15. The optical system of claim 14, configured as an 
EUV optical system. 

55 

16. An optical element reflective to incident X-ray light, 
comprising: 


9 

BNSDOCID: <EP 1367605A1J_> 


a mirror substrate; and 

a multilayer film on a surface of the mirror sub- 
strate, the multilayer film being configured so 
as to render the surface reflective to one or 
more selected wavelengths of incident X-ray 
light, the multilayer film being formed of alter- 
nating superposed layersof afirstand asecond 
material arranged as multiple layer pairs super- 
posed on the surface, the first material having 
a relatively large difference between its refrac- 
tive index for X-ray light and its refractive index 
in a vacuum, and the second material having a 
relatively small difference between its refractive 
index for X-ray light and its refractive index in a 
vacuum, wherein (a) each layer of the first ma- 
terial in the multilayer film has a respective 
thickness, and (b) in at least one of the layer 
pairs, a ratio (r) of the thickness of the respec- 
tive layer of the first material to a thickness of 
the layer pair has a variable distribution over at 
least a portion of the surface. 

17. The optical element of claim 16, configured as a 
multilayer-film mirror. 

1 8. The optical element of claim 1 6, configured as a re- 
flective reticle. 

19. An X-ray optical system, comprising an optical ele- 
ment as recited in claim 1 6. 

20. An X-ray lithography tool, comprising an X-ray op- 
tical system as recited in claim 19. 

21. A method for producing a multilayer-film mirror, 
comprising: 

configuring a surface of a mirror substrate to be 
a reflective surface; 

on the reflective surface, forming a multilayer- 
film coating by applying alternating superposed 
layers of a first and a second material arranged 
as multiple layer pairs superposed on the re- 
flective surface, the first material having a rel- 
atively large difference between Its refractive 
index for X-ray light and Its refractive index in a 
vacuum, and the second material having a rel- 
atively small difference between its refractive 
index for X-ray light and its refractive index in a 
vacuum, wherein (a) each layer of the first ma- 
terial in the multilayer film has a respective 
thickness, and (b) in at least one of the layer 
pairs, a ratio (O of the thickness of the respec- 
tive layer of the first material to a thickness of 
the layer pair has a variable distribution over at 
least a portion of the surface. 

22. The method of claim 21 , wherein the multilayer-film 
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coating is formed such that r varies with changes 
in angle of incidence of incident radiation over at 
least a portion of the surface. 

23. The method of claim 21 , wherein the multilayer-film 
coating is formed such that r decreases with corre- 
sponding increases in angle of incidence of incident 
radiation over at least a portion of the surface. 

24. The method of claim 21 , wherein the multilayer-film 
coating is formed such that the distribution of T is 
stepped over at least a portion of the surface, each 
step corresponding to a respective range of angle 
of incidence of radiation incident to the surface. 

25. The method of claim 21 , wherein the multilayer-film 
coating is formed such that the distribution of r is 
continuous over at least a portion of the surface, 
and, in the distribution, T varies with respective an- 
gles of incidence of radiation incident to the surface. 

26. The method of claim 25, wherein the multilayer-film 
coating is formed such that the layer pairs have a 
period length, the distribution of r is continuous 
over a first portion of the surface in which angle of 
incidence of light incident to the surface is within a 
respective range and the period length is constant, 
and, in a second portion of the surface outside the 
first portion, T is constant while the period length is 
increased. 

27. The method of claim 25, wherein the multilayer-film 
coating is formed such that the layer pairs have a 
period length, the distribution of r is continuous 
over the surface, and the period length changes 
continuously over the surface. 

28. An X-ray lithography tool, comprising: 

an X-ray light source situated and configured 
to produce an X-ray illumination beam; 
an illumination-optical system situated down- 
stream of the X-ray light source and configured 
to guide the illumination beam to a reticle, so 
as to form a patterned beam of X-ray light re- 
flected from the reticle; and 
a projection-optical system situated down- 
stream of the reticle and configured to guide the 
patterned beam from the reticle to a sensitive 
substrate; 


ing formed of alternating superposed layers of a first 
and a second material arranged as multiple layer 
pairs superposed on the surface, the first material 
having a relatively large difference between its re- 

5 tractive index for X-ray light and its refractive index 
in a vacuum, and the second material having a rel- 
atively small difference between its refractive index 
for X-ray light and its refractive index in a vacuum, 
wherein (a) each layer of thefirst material inthemul- 

10 tilayer film has a respective thickness, and (b) in at 
least one of the layer pairs, a ratio (F) of the thick- 
ness of the respective layer of the first material to a 
thickness of the layer pair has a variable distribution 
over at least a portion of the surface. 

15 

29. The lithography tool of claim 28, wherein: 

the first material has a relatively large differ- 
ence between its refractive index for EUV light 
20 and its refractive index in a vacuum; 

the second material has a relatively small dif- 
ference between its refractive index for EUV 
light and its refractive index in a vacuum; and 
the illumination beam is an EUV beam. 


wherein at least one of the illumination-optical 
system, the reticle, and the projection-optical sys- 
tem comprises a multilayer-film mirror, comprising 
a multilayer film on a surface of a mirror substrate, 
the multilayer film being configured so as to render 
the surface reflective to one or more selected wave- 
lengths of incident X-ray light, the multilayer film be- 


10 


■;■ . EP 1 367 605 A1 


50 



FIG. 1(A) 


53 52 


57 


56 


51 52 53 


FIG. 1(B) 


BNSDOC1D-. <EP 1367605A1_I_> 


11 



EP 1 367 605 A1 


57, 
56' 


\ZZZZZZ^ZZZZZZSZZZZZL 


FIG. 3 


13 


BNSOOCID: <EP 1367605A1J_> 


EP 1 367 605 A1 


80 



FIG. 4(B) 


BNSDOCID: <EP 1367605A1_I_> 


14 


i 


EP 1 367 605 A1 


90 


97 v 

96" 


W77777///V///777777A 

FIG. 5 


BNSDOCID: <EP 1367605A1_I_> 


15 


EP 1 367 605 A1 



EP1 367 605 A1 



EP 1 367 605 A1 



18 


EP 1 367 605 At 


1 

W f v* 

: A 
V V 

. y 

" ij.i" 


1 J i r 



«" /A 

:\ / 

', V 
\ ft 







\ / 

/ \ 


OOOOO 




* 
i 

% 

V 

/ \ 
f 

\ \ 

\ 
\ 
i 

: : i 1 
\\\\ 



f. 


% 
% 

\ 

\ 





1 

1 

% 
% 
% 

• 


\ 




» 

i 

i 

i 

1 

V 

i 
t 

*. 
i 
• 



\ 

\ 
\ 

\ 


1 


1 
1 
1 
1 
1 
1 

I.; 

■ 

i 

i 
» 

• 

1 
1 

,1 1 J 


* 

\ 

\ 

\ 

1 



CO 


\0 3 

I 

•■2 
o 

s 

o 

< 


rsl 


ON 
O 


XT 


o 


AO 


vo 


BNSOOC1D: <EP 1387605A1J_> 


19 


EP 1 367 605 A1 


3 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP D2 01 2085 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


PATENT ABSTRACTS OF JAPAN 

vol. 614. no. 521 (P-1131), 

15 November 1990 (1996-11-15) 

& OP 62 217861 A (MITSUBISHI ELECTRIC 

CORP), 30 August 1990 (1990-08-30) 

* abstract * 

SINGH M ET AL: "DESIGN OF MULTILAYER 
EXTREME-ULTRAVIOLET MIRRORS FOR ENHANCED 
REFLECTIVITY" . 
APPLIED OPTICS, OPTICAL SOCIETY OF 
AMERICA, WASHINGTON, US, 
vol. 39, no. 13, 1 May 2008 (2600-05-61), 
pages 2189-2197, XP0O094O136 
ISSN: 0003-6935 

* page 2189 - page 2190 * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 476 (P-1430), 

5 October 1992 (1992-10-05) 

6 JP 04 169898 A (SEIKO INSTR INC), 
17 June 1992 (1992-06-17) 

* abstract * 


-3,10, 
2-17, 
19, 

21-24,27 


20,28,29 

1,3-8, 
13-21, 
28,29 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 


G21K1/06 


1,9,13, 

14,16, 

19,21 


TECHNICAL FIELDS 
SEARCHED (InLCLT) 


G21K 


The present search report has been drawn up lor all claims 


Place at search 

MUNICH 


D*e of completion ol the eeaicfi 

7 November 20O2 


Examiner 

Jandl , F 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant ? taken atone 

Y : particularly relevant f combined win another 

document of the tame category 
A r technological background 
O : non-written dfecbeure 
P : intermediate document 


T : theory or prindpte underlying the invention 
E : earlier patent document, but published on, or 

after the fling date 
D : document cited in the application 
L : document cited for other reason* 


& Vmernberof the same patent family, corresponding 


20 


EP 1 367 605 A1 


ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 


EP 02 Gl 2085 


This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 

The members are as contained in the European Patent Office EDP file on ... 

The European Patent Offioe is in no way labia lor these partroulare which are merely given for the purpose of information. 

07-11-2002 


Patent document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


PubC cation 
date 


JP 02217801 A 30-08-1990 NONE 
JP 04169898 A 17-06-1992 NONE 


! For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 


21 


BNSDOCIO. <EP 1 367605A1_I_> 


J 
f. 


THIS PAGE BLANK (USPTO) 


